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Abstract 

The MN/CA9 protein Is e tumor-associated antigen that has been 
shown to have diagnostic utility. In Identifying cervical d. -ptosis and 
curclnonib, MN/CA9 expression Is Hmlted to very few normal tissues. We 
have how extended those observations to further Investigate expression of 
the MN/CA0 protein In histological sections and One-needle aspiration 
biopsy smears of normal kidney, benign renal cell lesions, uil categories of 
renal cell carcinomas (clcor/granutar/splndlc cell, chromophllfc cell, chro- 
mophobe cell, and collet 'tag duct cell RCCs), metastatic RCCs, and 
non-renal cell clear cell adenocarcinomas. We have found that high levels 
of MN/CA9 expression Is seen In all primary RCCs, cystic RCCs and 
metastatic RCCs, with the exception of two cases of the chromophobe ceil 
type, which were MN/CA9 negative. Identical MN/CA9 Immunostaining 
was also observed In the aspiration cytologies! smears. In contrast, all 
benign Iwlnnu. Inrlnrting pyelonephritis, rena! cysts, adenomas, oncocyto- 
mas, and normal kidney, did not express the MN/CA9 protein. Thus, we 
conclude that MN/CA9 protein expression could serve as a valuable 
adjunct to the cytologlcal and histological diagnosis of benign renal cysts 
versus cystic RCC, adenoma versus RCC. and oncocytoma versus granular 
cell RCC. Diffuse membraneous staining of all RCCs (with the exception 
of chromophoblc cell RCC) suggests that MN/CA9 protein expression 
might have an Important clinical utility In the early detection and treat- 
ment of RCC. Absence of MN/CA9 expression in non-renal cell clear cell 
adenocarcinoma also Indicates that MN/CA9 protein expression may be 
used as a differential diagnostic biomarker of metastatic clear cell RCC. 

Introduction 

RCC 1 accounts for approximately 2% of alt cancers (1) and has 
traditionally been identified as arising from the proximal tubule of the 
nephron (2). Recent studies h^vs further indicated this! t^** c - carcino- 
mas can also derive from the distal tubules and carry specific cyto- 
genetic alterations (3). However, despite an expanding knowledge of 
renal cci! tumor biology and histogenesis, die incidence of RCC has 
steadily increased from 1974 through 1990 (1). It is estimated that 
there will have been > 30,000 new diagnoses of kidney cancer and at 
least 12,000 deaths from the disease in the United States during 1996 
(4). A lack of success in prevention and treatment cf RCC is largely, 
due to the inability to detect the early stages of the cancer and the 
resistance of the cancer cells to conventional modes of treatment, such 
as radiotherapy and chemotherapy (5). Thus, RCC-specific biomark- 
ers are highly desirable for early diagnosis of the disease and for 
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immunotargeting cancer therapy. In the past decade, Miveral MAb* 
that react with the proximal tubular epithelium and/or exhibit high 
specificity for RCC have been described (6/7). but their clinical 
application In diagnosis and treatment of RCC has not been shown. 

Here., we. describe 'a new. tumor-associated antigen, the MN/CA9 
protein tj the : expression of which coireiates with the lumorigenic 
phenotype of HeLa X fibroblast somatic cell hybrids (8). The gene 
encoding the MN/CA9 product is novel: the only identified functional 
domain to date is a carbonic anhydrase domain. MN/CA9 is now 
considered to be a new member of the carbonic anhydrase family (9;. 
During the examination of normal and neoplastic human tissues, we 
observed that expression of the MN/CA9 protein is restricted to very 
few normal tissues' but that high levels of MN/CA9 expression are 
seen in certain malignancies, especially in cervical carcinoma 1 10, 
II). We have, extended these observations in undertaking the present 
study, in which we ( have tested the expression of MN/CA9 protein in 
normal adult and fetal kidney, benign renal lesions, RCCs. and 
NRCCCAs; using both surgical and cytological materials. We find 
that MN/CA9 expression is specifically restricted to RCC with the 
exception of the chromophobe cell carcinoma; but it was not observed 
in benign renal; lesions and NRCCCA. These findings suggest that 
MN/CA9 protein expression may serve as a potential biomarker in the ' 
early diagnosis' of RCC and may provide a possible immunotherapeu- ' 
tic tool for treatment.* w ' ' "' ^ 

Materials and Methods 

Tissue Specimens. Tissue samples were obtained, from 20 normal adult 

2nd fetal jnpnal^ ticenpe l~\ h^nion lpsK»ns (4 adenomas. 7, Fennji rys»t- and ? 

pyelonephritis). 2 oncocytomas. 47 RCCs, 12 metastatic RCCs. 16 NRCCCAs. 
and 22 FNABs of the kidney, obtained during treatment of patients at St. 
Jcscph Hospital (Orange. CA) uciwecu J 991 and ivo. The age distribution of 
patient* with RCC ranged from 23 to 92 years, with a mean of 61. 

All tissue samples of benign and malignant renal cell lesions were obtained 
from surgical nephrectomy specimens, with the exception of one adenoma that 
was taken from autopsy. The tissue samples of normal renal tissues were 
obtained from surgical specimens, autopsies, and abortions. AH of the cyto- 
logical materials were obtained from fine-needle aspiration performed under 3 
radiographic computer-assisted tomography scan or ultrasound guidance. The 
nephrectomy specimens were processed within 6 h of surgical resection, and 
the tissues were fixed in 10% neutral buffered formalin. Portions of the fresti 
tissues from RCCs and normal renal tissues were snap frozen in liquid 
nitrogen. A portion of the samples was also fixed in 70^ alcohol. The alcohol 
and formalin-fixed tissues were paraffin embedded, sectioned, and stained with 
H&E for light microscopic examination. Al! of the cytological smears were 
prepared at the time of aspiration; approximately haif of the smears were air 
dried and stained with a modified Wright stain (Diff-Quik. Baxter Laborato- 
ries. Miami, FL). and the remaining smears were fixed with 95** ethanol and 
stained with Papanicolaou stain. 

Inununohistochemkal Studies. The aspiration cytological smears were 
decolorized with 1 3- acid alcohol and rinsed with distilled water. Cryostat cut 
sections (6 urn thick) were fixed in cold acetone for 10 min. air dried, and 
washed three times in PBS. Five-jim sections of paraffin-embedded tissues 



2827 



MN/CA9 ANTIGEN AND RCC 



were deparaffinized. Immunochemical «*■■«■ * 
wih M75 (8) was done using the avidi-bioiin immunoperoxidase technique. 
Afir^ ^ were washed with distil.ed water, counter- 
S^rn^atoxylin. and mounted with permount. Cervical adman* 
non^nd nlal ectLrvix specimens were used . and ncgauvc 

controls respectively, for each run of the immunostain (10). 

Wt£Uy and Scoring of the Slides. AU of the tfcsue sect^ns and 
",3 smea* were reviewed. Rve types of renal cell neoplasms were 
iE sLl: clear cel. (including granular and spindle cel.) ch^moptybc 
Stay), chromophobic. orcocytiv. ar.J collecting duct *enu».duco 
ulrs (12). The nuclear grade was assessed by using the four-tiered system of 
San ,! 2 (13). When mixed histo.og.ca. types were present » u g.ven 
tuwor. sections of each subtype were tested. 

W immunohistochemical results were ™^ *™^™"?-J™* 
upon the percent of positive cells seen in a total ™^ ~ 
The MN/CA9 antigen is a membrane-associatcd protein ( 10). Thus. a celljM 
exhibited clear and sharp membrane staining w^ .ntqrpre)ed -^JJ 
immunoreactive. The pultem of slain was scored as diffuse when >S0* "Oht 
Xmlnrt «ni toJwtoi ^50% of the cclls'Ktaine4^A,,ncgatlye swire.wus 
given to specimens that had ndevidence of ^Itelwn^m"^ 

Expr^on of MN/CA9 Protein as Drtermlned by Western Blot Aw* 
yjTC tissue specimens were homogenized in a RIPA 
Staining 10 mM EOT A and 250 M l of 200 mM phenylmelhy.su ftmyl fluoride 
oer 10 ml of buffer. Cellular lysates were prepared in on identical solution. The 
Lumorigenic CGLI and tumorigenic CGL3 HeLa X fibulas, somatic 
hybrid cell lines were used as negative and positive controls, respectively. 
Protein concentrations were determined using a modified Lowry method. A 
50-ug sample of each protein extract was separated by electrophoresis on a 
|()% SDS-polyaerylamide gel and then transferred to a rtpcriMw s mem- 
. b,a..c. um.. 8 b«hto ^ huffcr staining 25 mr,ol1itcr TM ft* 7.S) .£» 
mmoWlltcr glycine, and 20% (y/v) methanol. The Wot was preblockcd with 20 
mmol/liter Tris (pH 7.5). ISO mmol/Hter NaCI. and 4%' npnfat dry m, k ? nd 
Zn incubated with the murine MAbM75 (an.i-MN/CA9):a. : a dilution of 
I -MOO An alkaline phosphatase-conjugaled goat antimouse immunoglobulin 
G*(l-250O dilution; Santa CrSz Biotechnology. Santa Cruz. CA) was used as 
the secondary antibody, and-: protein bands were.de.ected .with a sensiove 
chemoluminesceht detection system ( Amersham Corp.. Arlington Heights. jU- 
■ A MAb against fr'actin was used as i. standard control, (Sigma qhem'.':ai po.. 
St. Louis; MO) at a dilution of 1:40()0. . ■ . . . 

•Results' ' •'■[.■ " g ■ 



MN/CA9 Expression in Normal Adult and Fetal Renal Tissues. 

The norma! kidney tissueLexamined in this study included 14 adult 
and 6 fetal renal tissues, which were composea of peivis, meduKa. ai.d 
cortex. The specimens were formalin Fixed and paraffin embedded in 
all cases. In addition, snap-frozen, acetone-fixed sections were also 
prepared in 10 caMrs. 

, All normal adult and fetal kidney sections were MN/CA9 negative 
(Fig. 1, A and B; Table I"). Occasionally, nonspecific granular cyto- 
plasmic staining was seen in the proximal tubules in fresh frozen 
tissue sections. H \ \ v 

MN/CA9 Expression in Benign and Malignant Renal Lesions/ 
Neoplasm- All specimens of benign renal lesions, which included 
pyelonephritis; simple cysts; polycystic kidneys; and adult cystic 
nephroma, adenomas, and oncocytomas were also negative for MN/ 
CA9 protein expression (Fig. 1, D. £. and F\ Table I). 

MN/CA9 expression was observed in 45 of 47 (95%) primary 
RCCs. Diffuse MN/CA9 immunoreactivity was seen in all cases 
in - 40) of clear cell RCC. The. percentage of cells stained was 
similar in different areas of a given tumor, irrespective of whether the 
cells seen in the immunoreactive regions were clear, spindle, or 
granular eel! type (Fig. I, G, H. and /). However, the intensity of 
immunostaining was stronger in the clear cell-containing regions. This 
was particularly true in cystic clear cell RCC, in which all of the cells 
lining the cystic wall showed high levels of MN/CA9 expression in 
the plasma membrane (Fig. 17). In contrast, MN/CA9 positivity was 



focal in the cases of papillary RCCs (n = 3) and collecting duct 
carcinomas (n = 2), (F.g. 1/0. The specimens of chromophobe cell 
carcinoma were MN/CA9 negative (Fig. It). mrrrju 
MN/CA9 Expression in Metastatic RCCs and NRCCCAs. 
MN/CA9 immunoreactivity was observed in all of the metastatic 
RCCs ex,mined (Fig. IM; Table 2). High levels of MN/CA9 expres- 
sion were seen in nine metastatic RCCs; the remaining three cases 
exhibited focal positivity. In these latter three cases, the MN/CA9- 
negative cells were morphologically neither-granular, clear.nor spin- 
dle cell, and had high-grade nuclear atypia. . _ 

Immunohistochemical studies were performed on 16 NKkvA-As, 
which included ovary (n = 8), endometrium (« = 3), cervix in — I K 
breast (» = I ), prostate (n = 2), and female urethra (n = 1 ). All of the 
NRCCCAs studied were MN/CA9 negative (Fig. I /V; Table 2). 

MN/CA9 Expression in FNABs of the KWney/ MN/C A9 immu- 
noreactivity of FNABs was similar to that observed in the correspond^ 
ing tissue sections (Table I). A total of 22 cases^werc.examin^ 
of the cases also had histological confirmation, with one excepuon (an 
inflamed cyst). None of ihe FNABs from the benign lesions examined 
(two pyelonephritis, six cysts with/without inflammation, undone 
oncocytoma) expressed the MN/CA9 protein (Fig. »0. l^contrast, 
MN/CA9 expression was noted in all FNABs of RCCs ( 13 of 13). The 
poshivity was both membranous and cytoplasmic and was seen as a 
diffuse riauencm half^f^he cases (Fig. 10). !n two cases, m.muno- 
histochemical studies were also performed on : dupltea^s^es t , which, - 
were air-dried and stained with modified Wright, slain (I^iff-Quik). . 
The neoplastic cells in these air-dried smears were. MN/CA9 negative, 
indicating that this processing regimen may resuU in- fa&. negative- 

reSUltS. ' . . - « , . ; t r 

The Effects of Different Tissue FlxaUves on Expression of ,n t 
MN/CA9 Protein in Normal and Neoplastic Renal Tissues. Immu- ' 
nohistochemical studies were 'performea'oh^frowh'^ 
alcohol- and formalin-fixed paraffin-emtedded sec^ipn^There was 
no substantial difference in M N/C A9 immunoreactivity; in:^,ca?es. 
in which the- cells:expressed high,levels of MN/CA9; protein. How- 
ever, there\was : a- tendency for frozen tissues to express ^nonspecific 
cytoplasmic granular staining, /primarily in the proximal |tubules. 
Microwave pretreatment was also applied to all of the tissue sections. 
The intensity, of the cell staining was simificantly improved only m 
those cases iiT which relatWely Weak focal staining was seen in the 

— «a» chAivnt Thpre was no effect on MN/ 
onginai piOCCuMiv - :r -- - : . , ; :- j „ . ■-• 

CA9-negative cases. ? ^ , 

Western Blot Analvsls of MN/CA9 Expression. To determine 
whether the 7 immunostaining seen with the M75MAb was indeed 
specific for the MN/CA9 protein, a series of selected frozen speci- 
mens was extracted and/subjected to Western blot, analysis. The 
results are depicted in Fig. 2. The nontumorigenic HeLa X fibroblast 
hybrid CGLI and its tumorigenic segregant CGL3 were used as 
negative and positive^ controls, respectively. It can be clearly seen that 
both primary and metastatic RCCs contained the M r ,?4JWp and 
58.000 bands, indicative of the MN/CX9 protein seen in the CGL3- 
positive control lane. In contrast, normal kidney and NRCCCA 
showed complete absence of MN/CA9 protein bands. 



Discussion 

Solid lesions of the kidney usually are detected radiologically and 
pose no diagnostic difficulty (14). However, sometimes the lesions 
may be small or cystic, and they often exhibit equivocal roentgeno- 
graphic findings. In these instances, the diagnosis may be problematic, 
especially when the interpretation relies on FNAB materials ( 15). It is 
well known that clear cell adenocarcinoma morphologically identical 
to RCC can originate from other anatomical sites; therefore, when 
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Fig. I. Immunochemical localization of MN/CA9 protein in normal kidney, benign/malignant renal lesions, metastatic clear cell carcinomas of renal anduon-rmaj cell origin, 
aspiration smears of benign/malignant renal lesions. MN/CA9 protein is not expressed by normal fcUd (A) or adult iB) renal tissues. The normal tubular celt* in * & aspiration smear 
* O are also MN7CA9 negative. No immunorcactivity is seen in benign renal lesions, including renal cyst (/)>. adenoma (£). and oncocytoma if). In contrast, diffuse expression is noted 
in all RCCs of clear cell (G>. spindle cell (//). and granular cell (/) types. The cystic RCC also shows strong MN/CA9 immunostaitung of the lining cells (Jh Ftfal posiiivity is primarily 
seen in collecting duct </f) and chmntophilic cell (not shown) carcinomas. Among the RCCs. chromophobe cell carcinoma is the only one that is MN/CA9 negative tt_). All metastatic 
clear cell RCCs exhibit focal or diffuse MN/CA9 immunorcaclivity (A/>. In contrast, no expression is seen in non-renal cell clear cell carcinoma l/V>. MNf A9immunore3Cti\ it\ i> 
also observed in a FNAB smear t(h of RCC*. 
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Tablc | Expression of the MN protein in normal kidney and toifri and malignant renal cell lesions 
~" Histological sections 



Aspiration smears 



No. of tested caies No. of positive cases {<*>) No. of tested cases No. of positive cases (*> 



Non malignant tissues 

Normal kidney 

Pyelonephritis 

Renal cyst 

Adenoma 
. Oncocytoma ^ 
RCCs 

Gear cell with or without granular/spindle cell 
Chromophilic cell (papillary type) 
Chromophobe cell 

Collecting duct 



20 



40 
3 



0 
0 
0 
0 
0 

40(100) 
3(100) 
0 

2(100* 



6 
1 

13 



0 
0 

0 

13(100) 



Table T Expression of the MN protein in clear cell carcinomas of renal and nm-fwnai 

" c e II origin , 

~~ No. of cases tested . No. of positive cases 



C|car cell carcinoma of the kidney 
.i> Primary. „ v<r: ..... ; . ■ . 
./.Metastatic ' 

Clear cell carcinoma other than kidney 
Ovary 

Endometrium 
Cervix 
Breast 
Prostate 

Urethra 



47 
12 



47(I00> * 

i!»(ioo> ■ 

0 
0 
0 
0 
0 
0 



metastatic clear cell RCCs are found in these anatomical sites, prob- 
lems in diagnosis may ensue (16). In the past decade, MAbs reacting 
speciticaliy.with malignant renai epiineiiai ceils have been iuciiyficu 
7), but clinically, none of these MAbs have been widely used as 
diagnostic biomarkers of RCC. 

Recently, we described a novel tumor-associated antigen (MN/ 
CA9), the expression of which is restricted to very few normal tissues 
but is associated with cervical dysplasia and malignant tumors^OO, 
11). In this study, we have observed Significant levels of MN(CA9 
expression in all cases of RCCs studied, with the exception ofitwo 
cases of the chromophobe cell type. In contrast, none- of the benign 
tissues tested, including adenomas, oncocytomas, and benign tjenal 
epithelial cystic lesions, expressed MN/CA9 protein. Additionally, 
none of the normal renal tissues showed evidence of MN^C A9 protein 
CA pic5i;or..M>^CA9 :^r.uncs^r.:ns showed a-direct coirelatiiin 
between corresponding tissue specimens and FNA3s. Thus, &. se 
findings indicate that MN/CA9 protein is, indeed, a RCC-associated 
antigen. 

The definition of renal cortical adenoma still remains a controver- 
. sial issue. Thus far, it has not been possible to define an unequivocally 

benign cortical neoplasm using histological, immunohistochemical. 

and ultrastructural criteria. Although; traditionally, any cortical tu- 
' mors less than 3.0 cm in diameter have been regarded as adenomas, it 
. has been reported that such small tumors may give rise to metastases 

( 17) . Indeed, in this study, we observed RCCs that exhibited capsular 
or vascular invasion and of which the size of tumors was less than 3.0 
cm (data not shown). The tumors were of the clear cell type and 
expressed diffuse MN/CA9 protein immunoreactivity. In contrast, 
none of the 15 adenomas (sizes ranging from 0.5 to 4.0 cm) tested 
were MN/CA9 positive. Although further study is needed, the current 
data strongly indicate that MN/CA9'protein expression may serve as 
a better biomarker in the separation of renal cortical adenoma from 
RCC. 

Radiographically, RCC may present as a cystic lesion, and cystic 
RCC may be misdiagnosed as a benign unilocular or multilocular cyst 

(18) . In most cases, extensive sampling of the lesions is required to 
identify the solid clear cell component along the cystic wall. In the 



four cystic RCCs we have studied, diffuse MN/CA9 staining of the 
cells lining the cystic wall 'was observed, a finding confirmed in 
FNABs. In contrast, none of the benign renal cysts examined'ex- ^ 
pressed the MN/CA9 protein, again indicating the potential of MN/ 
P'A9 protein expression to serve as a valuable adjunct to histological * 
and cytoiogicai diagnosis of cystic renal lesions. \ 

Oncocytoma, chromophobe cell carcinoma, and granular cell RCC 
are three subtypes of RCCs that comprise similar-appearing eosino- 
philic cells. The separation of these tumors sometimes may be diffi- 
cult, and yet it is clinically important because oncocytoma is a benign 
tumor (19), and chromophobe^cell carcinoma generally has arrexcel- 
lent prognosis (20). Most reported cases of malignant oncocytomas 
have been believed recently to represent RCCs of either the^chromo- ; 
phobic. or granular cell type (3). In this study, oncocytoma and > ; 
chromophobe cell carcinomas were MN/CA9 negative, but high levels 
of MN/CA9 protein expression were observed in allcases of granular \y 
cell RCC examined It will be interesting to see, with a larger samvV |i 
size, Whether the differential diagnosis of oncocytoma anil granular 5 
cell RCC will be enhanced by including MN/CA9 protein expression & 
in the screening* process. > ■ --■ — > 

On the basis "bfc our -findings » in: this study we conclude that' :^ 
expression of the MN/CA9- protein appears to be indicative;of malign ^ 
nant transformatioaof the renal epitKelial cell.-Thus, MN/CA9 protein ■ w 
expression mayaserve as- a; valuable- adjunct to 'the cytol^gical and::;: 
histological diagnosis* of benign cysV versus cystic RG# : adenoma |f 
versus RCC, and oncocytoma versus granular cell RCC: A high level 
of MN/CA9 protein expression in all of the RCCs examined, with the 
exception' or chhnnophobe^ th e MN/CA9 „ 

protein might have important clinical utility in the diagnosis and v 
treatment of RCC by using radioimmunoscintigraphy and immuno- 
therapy. The fact that diffuse MN/CA9 immunoreactivity is restricted 
to clear cell RCC but not to clear cell adenocarcinoma of other 
anatomical sites, especially of Mullerian epithelial origin, indicates 
that MN/CA9 may be a cell-specific tumor-associated protein the ~ 
expression of 'which may be used as a diagnostic biomarker of 
metastatic clear cell RCC. To test these hypotheses it will be neces- ^ ! 
sary to undertake a larger clinical trial that is appropriately blinded, v 
These studies are currently under way. * 



58kDta_ 

54 kD* — 

— B-actin 

Fig. 2. Western blot analysis of MN/CA9 protein in cell extract* from tissues and 
control cell lines. Lane I. CGL1 cell line (negative control); Lane 2, CGL3 cell line 
(positive control): Lane 4, clear cell carcinoma of the kidney; Lane J. normal kidney tissue 
counterpart of RCC in Lane 4\ Lane 5, granular cell carcinoma of the kidney: Lane 6. 
spindle cell carcinoma of the kidney. Lane 7. normal kidney; Lane S. metastatic RCC; 
Lane 9. metastatic ovarian clear cell carcinoma. The double bands at M, 54.000 and 
58,000 represent the MN/CA9 protein. The band at M, 42.000 is thr 0-actin standard. 
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